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1st Editorial Decision 1 August 2019

Thank you for the submission of your research manuscript to our journal. We have now received the
full set of referee reports that is copied below.

As you can see, the referees find the proposed role of GDF15 in relaying the systemic effects of
muscle specific mitochondrial dysfunction of interest, but they also raise significant concerns that
need to be addressed before considering publication here.

To name a few (not all), referees #1 and 2 find that more conclusive evidence supporting the role of
GDF15 in regulation of diurnal food intake is required. Referee #1 would like to see whether
chronic GDF15 treatment is sufficient to elicit the effects on diurnal food intake. Referee #3 finds
that the source of GDF15 secretion in response to muscle specific mitochondrial stress remains
currently elusive. To demonstrate this, muscle specific GDF15 KO mice would need to be
employed. I don't know if you already have this strain at hand (if you do, this experiment would
strengthen the manuscript), but I have discussed this point with referee #3 and if you cannot address
this point, it will not preclude publication here. However, the title will need to be altered
accordingly.

Given these constructive comments, we would like to invite you to revise your manuscript with the
understanding that the referee concerns (as detailed above and in their reports) must be fully
addressed and their suggestions taken on board. Please address all referee concerns in a complete
point-by-point response. Acceptance of the manuscript will depend on a positive outcome of a
second round of review. It is EMBO reports policy to allow a single round of revision only and
acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

REFEREE REPORTS
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Referee #1:

In this manuscript the authors have studied the impact of mitochondrial muscle dysfunction induced
by overexpression of UCP1 in skeletal muscle on the muscle production of GDF15 and its
functional consequences. The authors document that muscle overexpression of UCP1 causes
mitochondrial stress and enhances muscle expression of GDF15 and also greater circulating
concentrations. UCP1 transgenic mice also showed a reduced food intake during the light phase but
not at dark suggesting that perhaps GDF15 regulates the circadian pattern of food intake. The topic
is of high interest and the manuscript has essentially two major flaws, namely, the lack of some
essential control groups in some of the figures, and the lack of any evidence that GDF15 is the direct
regulation of diurnal food intake.

Major comments.

1. The authors define in the title "pseudo-intermittent fasting" to the fact that UCP1 transgenic mice
have a lower food intake during the light phase of the day but not during the dark phase. It is unclear
to me whether this is precise enough.

2. Figures 2, 3 and 4 miss to include outstanding data from the GDF15 KO mouse, and this is
essential to validate some of the major conclusions of the manuscript. Only Figure 4 is
complemented by some of those data included as Figure S1. Based on this, it is unclear at this
moment, whether ablation of GDF15 is important or not for the effects of UCP1 expression on
mitochondrial stress, muscle metabolism, adiposity, or browning of subcutaneous adipose tissue.

3. The authors also document that UCP1 transgenic mice show an alteration in diurnal regulation of
food intake. However, they at least should determine whether GDF15 is sufficient to induce these
effects in mice. Does chronic GDF15 treatment to normal mice reduce in diurnal food intake?

Referee #2:

The manuscript by Ost and colleagues showed that a transgenic mouse with skeletal muscle-specific
mitochondrial OXPHOS defect (Ucp1-TG), had induction of diurnal variation of GDF15. Knockout
of GDF-15 in the Ucp1-TG promoted a progressive increase of body fat mass, which was associated
with suppression of day time food intake resembling a pseudo-intermittent fasting. This led to
adipose tissue remodeling, hypoinsulinemia, and increased energy metabolism. They conclude that
GDF15 has an important role in diurnal regulation of energy balance during mitochondrial
dysfunction. They also showed that sustained GDF15 elevation is not protective for muscle.

The study is of high quality and the use of genetically modified mice very appropriate to address the
scientific question. The manuscript has two main messages. The first one is quite convincing,
showing adipose tissue metabolic remodeling blunted in adult TGxKO mice. However, the second
one, related to circadian changes, the data was not as strong. I could not really see the elevated
carbohydrate oxidation during day time and increased lipid oxidation at night in TG mice, abolished
in TGxKO mice (Fig 4C and D). In fact, a lot of the diurnal differences were quite minimal, and one
wonders how physiologically relevant they are. It is possible that [ am not interpreting the data
correctly, so I would be glad to let the authors argue their case.

Referee #3:

In this manuscript by Ost et al., the authors provide evidence that GDF15 is produced in muscle
under conditions of chronic mitochondrial uncoupling (overexpression of UCP1) that has mostly
peripheral effects (i.e. not in muscle), leading them to conclude muscle-derived GDF15 is a
mitokine. Arguably, the most interesting of these peripheral effects is the demonstration of GDF15-
dependent suppression of day time food intake (i.e. circadian effects). The study is quite well
executed and the primary data are robust. However, there are some concerns with experimental
design and other issues that undercut the very strong conclusion reached that need to be addressed.
These are detailed below:

1. The overall study design precludes an unequivocal conclusion about muscle being the primary
source of the active Gdf15. That is, even though the mitochondrial stress is in muscle due to the
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muscle-specific HSA driver (although expression in esophagus and diaphragm should be discussed,
McCarthy et al. 2012), the GDF15 KO is global. Thus, the possibility exists that muscle

mitochondrial stress is triggering GDF15 expression/secretion elsewhere. Obviously, in this regard,
knocking out GDF15 only in muscle is the key experiment. Furthermore, it is also possible that loss
of Gdf15 expression in other tissues contributes to the phenotypes observed in the KO and TGxKO
mice. The eWAT is a highly responsive fat depot (to diet, hormonal regulation and other stressors).
Thus, it would be interesting to see if Gdf15 is expressed here, and if it is released from the eWAT.

2. Although the data presented suggest that there is menial effect of increased Gdf15 muscle
expression on the muscle itself, it is a stretch for the authors to conclude that that there is no direct
muscle-adipose tissue crosstalk (line 160-161). For example, UCP1 protein expression in sWAT
was apparently completely decreased in TGxKO mice (Fig. 3D) and the mRNA levels of several
markers of "browning" were decreased in sWAT of TGxKO. Thus, how can the authors conclude
that there was no impact of Gdf15 loss on sSWAT? Additional measurements are needed in this
regard: for example, quantification of regulated circulating factors that remodel adipose and could
contribute to the "browning," effects of GDF15 on eWAT depots, and measurement of WAT
differentiation markers expression like PPARY.

3. Given the extensive literature demonstrating that Gdf15 regulates adiposity via central regulation
of food intake, the authors should measure satiety hormones & peptides (e.g. CART, alpha-MSH,
leptin) in the different mouse models and investigate whether Gdf15 impacts their regulation in a
circadian manner, and if loss of Gdf15 alters levels or circadian expression of these factors.

4. The authors demonstrate that there is no significant difference in energy intake (Fig. 4H) or
energy expenditure (Fig. 4K) between TG-KO and WT mice. However, there appears to be a
consistently higher rate of fat mass accumulation in the TG-KO mice relative to the WT mice (Fig.
3A-C). What was the statistical significance for differences between TG-KO and WT for the fat
mass data? How do the authors reconcile the lack of any apparent difference in food intake between
WT and TG-KO with the relatively higher fat mass accumulation in the TG-KO mice? The authors
state in line 198-199 that the increased daytime energy intake "can completely explain the
progressive fat accumulation observed in TGxKO mice." This is a very aggressive statement and the
data presented in the manuscript do not provide enough evidence to make this conclusion. The
authors should consider subjecting the TGxKO, WT and TG mice to a pair-feeding regimen to
determine whether equalizing energy intake across all groups will reverse the differences in fat mass
accumulation.

5. The transcriptional regulation of Gdf15 expression by mitochondrial dysfunction, or specifically
uncoupling in the UCP1-TG mice, could have been investigated in greater detail. How does
mitochondrial uncoupling lead to up-regulation of Gdf15 expression? What are the pathways
involved, and what transcriptional regulators are recruited to increase activity at the Gdf15
promoter? The authors suggest (lines 90-91) that a CHOP-dependent mechanism of Gdf15
upregulation might explain the increased Gdf15 observed with mitochondrial uncoupling in the TG
mice. However, in Fig. 5 the data clearly suggests that even though expression of CHOP and other
ISR mediators is maintained day or night, Gdf15 expression and plasma levels fluctuate
significantly. How do the authors explain this?

6. Does the circadian rhythmicity of Gdf15 expression alter as the animal ages? It would be
interesting to see if there is a difference in muscle expression, plasma levels, and in the delta change

between day/night, as the animal ages.

7. Does HFD feeding impact the circadian rhythmicity of Gdf15 expression? Are there diurnal
variations in Gdf15 expression in other tissues?

8. The Introduction and Discussion could be written more succinctly and clearly.
Minor points
- Line 34: "manifest at any age and organ ..."; meaning is unclear

- Line 39: "thereby described firstly ..."; awkward
- Line 50: "secreted molecules" vague, please use mitokine/cytokine/hormone
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- Line 70: "activating adipose tissue" vague; what is meant by activating?

- Use of acronyms (especially the name of the mouse Ucp1-TG): once an acronym has been
introduced and the full written form has been indicated, the acronym only should be used for all
subsequent mentions (no need to repeatedly use the full form).

- The acronym mtISR is introduced at line 91 as a specific type of ISR, but later mentions of ISR are
not specified at mtISR (eg. line 136, 208). Why did the authors specify mtISR, and is it necessary?
The authors should decide how to reference either ISR or mtISR through the text and evaluate the
need for two acronyms.

- Line 204: Were the times for day and night correctly stated? As written in the manuscript, the day
phase and night phase overlap.

1st Revision - authors' response 30 October 2019

Referee comments
Referee #1:

In this manuscript the authors have studied the impact of mitochondrial muscle dysfunction induced
by overexpression of UCP1 in skeletal muscle on the muscle production of GDF15 and its
functional consequences. The authors document that muscle overexpression of UCP1 causes
mitochondrial stress and enhances muscle expression of GDF15 and also greater circulating
concentrations. UCP1 transgenic mice also showed a reduced food intake during the light phase but
not at dark suggesting that perhaps GDF15 regulates the circadian pattern of food intake. The topic
is of high interest and the manuscript has essentially two major flaws, namely, the lack of some
essential control groups in some of the figures, and the lack of any evidence that GDF15 is the direct
regulation of diurnal food intake.

Response:

Thank you for your interest in our work and the constructive remarks and suggestions. We
addressed all your concerns as outlined below and hope that you find our revised manuscript
acceptable for publication.

Major comments

1.  The authors define in the title "pseudo-intermittent fasting" to the fact that UCP1 transgenic
mice have a lower food intake during the light phase of the day but not during the dark phase.
It is unclear to me whether this is precise enough.
Response: We acknowledge that the term “pseudo-intermittent fasting” in the title might be
confusing. We have changed the manuscript title to: “GDFI15 drives daytime-restricted
anorexia and systemic metabolic remodeling during muscle mitochondrial stress” and decided
to address this point in the discussion (see lines 296-306) where it becomes clearer what we
mean by that.

2. Figures 2, 3 and 4 miss to include outstanding data from the GDF15 KO mouse, and this is

essential to validate some of the major conclusions of the manuscript. Only Figure 4 is
complemented by some of those data included as Figure S1. Based on this, it is unclear at this
moment, whether ablation of GDF15 is important or not for the effects of UCP1 expression on
mitochondrial stress, muscle metabolism, adiposity, or browning of subcutaneous adipose
tissue.
Response: Point well taken. We had omitted the KO control data in most figures because we
did not find significant differences between WT and Gdf15-KO (KO) in any of the parameters
investigated and did not want to make the figures too crowded. But of course, this control
group is of importance. We have now have added expanded data figures (Fig EV1, EV3 —
EV5) to each main figure where we show the comparisons between WT and KO separately.

3. The authors also document that UCP1 transgenic mice show an alteration in diurnal regulation

of food intake. However, they at least should determine whether GDF15 is sufficient to induce
these effects in mice. Does chronic GDF15 treatment to normal mice reduce in diurnal food
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intake?

Response: We highly appreciate this point. To our best knowledge, we here provide the first
evidence of a daytime-restricted anorectic action of endogenous GDF15. Whether this diurnal
variation occurs only in the context of chronic mitochondrial dysfunction or in other
pathophysiological conditions when circulating GDF15 is high (such as cancer, cardiovascular
disease or sepsis), is yet to be investigated. However, we show that the diurnal anorexia of
Ucp1-TG mice is completely abolished when GDF15 is ablated. This clearly demonstrates that
muscle mitochondrial stress-induced GDF15 drives this daytime-restricted suppression of food
intake in UcpI-TG mice.

Importantly, we did not mean to imply that in wild-type (WT) mice endogenous GDF15 is
responsible for diurnal regulation of food intake. This is evident from the GDF15 KO mice
which do not show any alterations in the diurnal pattern of food intake, energy expenditure or
activity (Fig EV4).

Moreover, we agree that it is an intriguing question, whether chronic treatment of normal mice
with GDF15 promotes a daytime-restricted reduction in food intake similar to what we observe
in UcpI-TG mice. The anorectic action of exogenously administrated GDF15 in high doses has
been well documented by different groups (Emmerson et al, 2017; Hsu et al, 2017; Mullican et
al, 2017; Patel et al, 2019; Tsai et al, 2018). Pharmacological administration of GDF15 to
healthy WT mice promotes supraphysiological plasma concentrations (10 to 100ng/ml with the
first 4hrs after injection) compared to endogenous GDF15 induction observed in Ucpl-TG
animals (0.5 to Ing/ml). It was shown that a single subcutaneous injection of GDF15 given
immediately prior to the onset of the dark cycle results in a corresponding dose-dependent
reduction of food intake that only reaches statistical significance at the highest dose (0.1
mg/kg; up to 100ng/ml GDF15 plasma concentration), whereas low (0.001 mg/kg) and mid
(0.01 mg/kg) doses of GDF15 injection leading to plasma concentrations of 0.5 to 5 ng/ml
were unable to suppress food intake (Patel et al, 2019). This suggests that only
supraphysiological plasma concentrations of GDF15 are able to promote anorexia at night in
WT mice. In rats, it was further shown that chronically subcutaneous injection of GDF15
(4nmol/kg) at 1-2 hours before the dark phase strongly suppresses 24hr food intake (Yang et
al, 2017). However, none of the above mentioned studies performed a comprehensive 24hr
metabolic profiling to investigate diurnal variations of food intake. One possibility to address
this issue could be to treat healthy WT mice (acutely and chronically) with GDF15 supplied by
osmotic mini pumps to obtain a stable, defined release and monitor food intake in a 24hr time
course. This will be most interesting to address but would be beyond the scope of our study
regarding the pathophysiological role of endogenous GDF15 in the context of muscle
mitochondrial dysfunction and is certainly not feasible within 3 months of revision time.

Referee #2:

The manuscript by Ost and colleagues showed that a transgenic mouse with skeletal muscle-specific
mitochondrial OXPHOS defect (Ucp1-TG), had induction of diurnal variation of GDF15. Knockout
of GDF-15 in the Ucp1-TG promoted a progressive increase of body fat mass, which was associated
with suppression of day time food intake resembling a pseudo-intermittent fasting. This led to
adipose tissue remodeling, hypoinsulinemia, and increased energy metabolism. They conclude that
GDF15 has an important role in diurnal regulation of energy balance during mitochondrial
dysfunction. They also showed that sustained GDF15 elevation is not protective for muscle.

The study is of high quality and the use of genetically modified mice very appropriate to address the
scientific question. The manuscript has two main messages. The first one is quite convincing,
showing adipose tissue metabolic remodeling blunted in adult TGxKO mice. However, the second
one, related to circadian changes, the data was not as strong. I could not really see the elevated
carbohydrate oxidation during day time and increased lipid oxidation at night in TG mice, abolished
in TGxKO mice (Fig 4C and D). In fact, a lot of the diurnal differences were quite minimal, and one
wonders how physiologically relevant they are. It is possible that I am not interpreting the data
correctly, so I would be glad to let the authors argue their case.

Response: Thank you for your comments and suggestions. We appreciate that you find our study of
high quality and the data on adipose tissue remodeling convincing. Regarding the circadian changes,
we tried to make this clearer by modifying the former Fig. 4 and 5 and presenting the data in
different ways. The most important read-out concerning the diurnal changes of substrate oxidation is
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the respiratory quotient (RQ) which is reflective of substrate oxidation (see Fig. 5J-L). The RQ
refers to the quantity of CO, produced in relation to O, consumed. This ratio is 1 when glucose is
oxidized and 0.7 when fat (assuming an average fat) is oxidized. For oxidation of protein (with an
average amino acid composition) the RQ is around 0.8 (Jeukendrup & Wallis, 2005).The RQ thus
reflects overall substrate utilization very precisely which is also evident by the very small variation
(error bars). The carbohydrate and lipid oxidation were calculated from the RQ data (assuming a
constant protein oxidation) and are thus not independently derived data. Therefore, for clarity
reasons we decided to omit the calculated data on substrate respiration and present the actual
measured data only. We also restructured the Fig. 4 (now Fig 5) to make the changes in diurnal and
daily energy balance better visible (see also our response to referee #3, comment 4).

Referee #3:

In this manuscript by Ost et al., the authors provide evidence that GDF15 is produced in muscle
under conditions of chronic mitochondrial uncoupling (overexpression of UCP1) that has mostly
peripheral effects (i.e. not in muscle), leading them to conclude muscle-derived GDF15 is a
mitokine. Arguably, the most interesting of these peripheral effects is the demonstration of GDF15-
dependent suppression of day time food intake (i.e. circadian effects). The study is quite well
executed and the primary data are robust. However, there are some concerns with experimental
design and other issues that undercut the very strong conclusion reached that need to be addressed.
These are detailed below:

Response: Thank you for your encouraging comments and suggestions. We tried to address all your
specific comments and to strengthen our data by performing additional experiments and analyses.

1. The overall study design precludes an unequivocal conclusion about muscle being the primary
source of the active Gdf15. That is, even though the mitochondrial stress is in muscle due to
the muscle-specific HSA driver (although expression in esophagus and diaphragm should be
discussed, McCarthy et al. 2012), the GDF15 KO is global. Thus, the possibility exists that
muscle mitochondrial stress is triggering GDF15 expression/secretion elsewhere. Obviously, in
this regard, knocking out GDF15 only in muscle is the key experiment. Furthermore, it is also
possible that loss of Gdf15 expression in other tissues contributes to the phenotypes observed
in the KO and TGxKO mice. The eWAT is a highly responsive fat depot (to diet, hormonal
regulation and other stressors). Thus, it would be interesting to see if Gdf15 is expressed here,
and if it is released from the eWAT.

Response: Point taken well. Thank you for pointing out the paper by McCarthy et al. regarding
the HSA-construct. This paper shows that the HSA promoter drives expression in different
striated muscles (including diaphragm, esophagus and tongue) but not in heart and smooth
muscle (McCarthy et al, 2012). In our analyses we focused on quadriceps/gastrocnemius
muscle because they are representative of mixed fiber skeletal muscle. We did not mean to
imply that transgenic GDF15 is expressed and secreted just from these particular muscles
investigated. However, the McCarthy paper clearly shows that the transgenic construct is
expressed in striated muscle only. To confirm the mitochondrial uncoupling driven expression
of GDF15, we analyzed GDF15 gene expression additionally in different muscle types (EDL,
tibialis anterior, gastrocnemius, quadriceps, soleus, diaphragm, and esophagus) compared to
heart, liver, kidney, spleen, lung and different adipose tissue depots. As evident from the
heatmap (Fig. 1F) Gdf15 expression is very low in WT mixed or glycolytic muscle (ct values
around and above 30), somewhat higher in WT oxidative muscles (soleus and diaphragm, ct
values 26-27) with similar expression levels as in liver and sSWAT, and lowest in iBAT. In
UcpI-TG mice there was a clear increase in expression only in skeletal muscle i.e. in striated
muscle tissues where the HSA-driven Ucpl-transgene is expressed (Klaus et al, 2005). In all
other tissues including eWAT we could not detect any significant differences in Gdf15 gene
expression between WT and Ucpl-TG mice (Fig. 1G). In addition, we analyzed GDF15
protein levels in muscle tissue and ex vivo secretion from muscle (Fig. 1H, I) which showed
that GDF15 protein was not detectable in WT muscle whereas it was detectable in and secreted
from soleus and EDL muscle of Ucp/-TG mice. Additional in vitro experiments with C2C12
myocytes (Fig. IM,N) show the dose-dependent induction of the ISR linked to increased
GDF15 expression by mitochondrial uncoupling (treatment with FCCP). Analyses of day/night
expression of GDF15 confirmed that only in muscle we could find increased gene expression
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of GDF15 in Ucpl-Tg mice (Fig. 6E) and that their muscle protein levels reflect circulating
GDF15 (Fig. 6 F, G). In our opinion, this shows that the increase in circulating GDF15 is due
to the mitochondrial stress dependent, muscle specific increase in Gdf15 gene expression. As
shown in the extended Fig. EV1, EV2-EV4, global GDF15 ablation (Gdf15-KO) had basically
no effect on any of the measured variables which shows that basal, circulating GDF15 does not
play a metabolic role in context with the physiological functions investigated in our study.
Therefore, we think it is reasonable to assume that a muscle-specific Gdf15 knockout would
not show a different phenotype compared to the global Gdf75 knockout during muscle
mitochondrial dysfunction.

2. Although the data presented suggest that there is menial effect of increased Gdfl5 muscle

expression on the muscle itself, it is a stretch for the authors to conclude that that there is no
direct muscle-adipose tissue crosstalk (line 160-161). For example, UCP1 protein expression in
sSWAT was apparently completely decreased in TGxKO mice (Fig. 3D) and the mRNA levels
of several markers of "browning" were decreased in SWAT of TGxKO. Thus, how can the
authors conclude that there was no impact of Gdf15 loss on sSWAT? Additional measurements
are needed in this regard: for example, quantification of regulated circulating factors that
remodel adipose and could contribute to the "browning," effects of GDF15 on eWAT depots,
and measurement of WAT differentiation markers expression like PPARg.
Response: We apologize if our wording was not clear apparently leading to a
misunderstanding. Of course, we cannot exclude a direct effect of GDF15 on WAT. The loss
of GDF15 definitely affects sSWAT morphology and browning phenotype as shown here.
However, we believe that this is most probably a centrally mediated effect, since we could not
detect expression of the GDF15 receptor (GFRAL) in any WAT depot. We now include new
data on the eWAT depot and performed additional gene expression analyses. As shown in Fig.
IF and G, Gdf15 gene expression in eWAT was very low and not induced in Ucpl-TG mice.
However, similar to sSWAT, eWAT weight was increased in TGxKO mice compared to Ucpl-
TG (Fig. 3G, H). Otherwise, there were no differences in eWAT gene expression between any
of the groups (Fig 4E). Of note, adipose tissue differentiation markers (PPARs) showed no
differences in any of the adipose depots (Fig. 4B, E). Our data in Fig. 4A-D clearly show the
loss of browning in sWAT in Ucp/-TG mice upon ablation of GDF15. The most effective
endogenous browning factor is FGF21, and we have shown previously that the genetic loss of
FGF21 completely inhibits browning of sWAT in Ucpl/-TG mice (Ost et al, 2016).
Interestingly, the increase in FGF21 observed in Ucp/-TG mice was not affected by loss of
GDF15 (Fig. 4F) but sWAT browning was still suppressed. This shows that high circulating
FGF21 alone is not sufficient to induce browning and suggests that GDF15 affects browning
independently of FGF21. This could possibly be an indirect action due to the increased fat
mass. This point has been added to the discussion (see lines 277 -295).

3.  Given the extensive literature demonstrating that Gdfl5 regulates adiposity via central

regulation of food intake, the authors should measure satiety hormones & peptides (e.g. CART,
alpha-MSH, leptin) in the different mouse models and investigate whether Gdf15 impacts their
regulation in a circadian manner, and if loss of Gdf15 alters levels or circadian expression of
these factors.
Response: We have previously analyzed hypothalamic gene expression of neuropeptides
involved in appetite control (MC4R, NPY, PMCH, and POMC) and could not detect any
differences between Ucpl/-TG and WT mice (unpublished data), suggesting that these
pathways are likely not involved in the GDF15 action. Unfortunately, we did not collect
brain/hypothalamus samples in the day/night experiment to repeat these measurements. In Fig
4G we show that loss of GDF15 in the Ucp/-TG mice increases circulating leptin levels even
higher than in WT controls. Measurement of circulating leptin levels in the day/night
experiment did not show major differences between WT and TG mice (data not included in the
revised manuscript).

4.  The authors demonstrate that there is no significant difference in energy intake (Fig. 4H) or
energy expenditure (Fig. 4K) between TG-KO and WT mice. However, there appears to be a
consistently higher rate of fat mass accumulation in the TG-KO mice relative to the WT mice
(Fig. 3A-C). What was the statistical significance for differences between TG-KO and WT for
the fat mass data? How do the authors reconcile the lack of any apparent difference in food
intake between WT and TG-KO with the relatively higher fat mass accumulation in the TG-
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KO mice? The authors state in line 198-199 that the increased daytime energy intake "can
completely explain the progressive fat accumulation observed in TGxKO mice." This is a very
aggressive statement and the data presented in the manuscript do not provide enough evidence
to make this conclusion. The authors should consider subjecting the TGxKO, WT and TG mice
to a pair-feeding regimen to determine whether equalizing energy intake across all groups will
reverse the differences in fat mass accumulation.

Response: We apologize for this ambiguity. Body fat data (including statistical analysis) are
shown in Fig 3C + 3F. One problem when looking at energy balance is that small daily
changes (that hardly reach statistical significance) accumulate over time and can result in
significant changes of fat mass in the long term. We measured energy assimilation and energy
expenditure in week 17 which (although not statistical significant) resulted in 3.5 kJ daily
difference in energy balance between TGxKO and WT mice (Fig. 5I). Assuming that the
energy content of fat mass is 39 kJ/g (if all of this were lipids) a 3.5 kJ daily energy surplus
amounts to 24.5 kJ per week which corresponds to 0.63 g fat mass and in 10 weeks to over 6.3
g differences in fat mass accrual. Of course this is theoretical and in reality body fat
development is not linear over time. But importantly, the fat mass difference between WT and
TGxKO mice of 1.9 g (week 20) and 4.8 g (week 45), respectively, can be completely
accounted for by the difference in energy balance. This is what we intended to express by our
statement. We tried to rephrase it to make it better understandable (see lines 209 — 222). Since
the difference in energy balance is more than sufficient to explain the fat mass differences
between WT, TG, and TGxKO mice we do not think it be appropriate here to perform a pair
feeding experiment. Pair feeding is also problematic in a way that it disrupts the diurnal
feeding rhythm which in itself can affect energy metabolism. If offered a limited amount of
food only, mice tend to consume it rapidly resulting in a prolonged daily fasting period
compared to ad libitum feeding. For their Nature Medicine article from 2017, Yang et al.
performed a pair feeding study to assess the mechanisms driving GDF15 mediated weight loss
and came to the conclusion that body weight reduction by GDF15 is mediated solely through
the central suppression of food intake (Yang et al, 2017) which is perfectly in line with our
data.

5. The transcriptional regulation of Gdfl5 expression by mitochondrial dysfunction, or

specifically uncoupling in the UCP1-TG mice, could have been investigated in greater detail.
How does mitochondrial uncoupling lead to up-regulation of Gdf15 expression? What are the
pathways involved, and what transcriptional regulators are recruited to increase activity at the
Gdf15 promoter? The authors suggest (lines 90-91) that a CHOP-dependent mechanism of
Gdf15 upregulation might explain the increased Gdfl5 observed with mitochondrial
uncoupling in the TG mice. However, in Fig. 5 the data clearly suggests that even though
expression of CHOP and other ISR mediators is maintained day or night, Gdf15 expression
and plasma levels fluctuate significantly. How do the authors explain this?
Response: This point is well taken. The induction of GDF15 in different cell types by the
integrated stress response (ISR) has been explored in detail (Chung et al, 2017; Patel et al,
2019) which is in line with our own previous data (Ost et al, 2015) and the results presented in
Fig IN. Chung et al. performed detailed analysis of transcription factors involved in GDF15
induction in response to mitochondrial stress in skeletal muscle. They reported that stress
induced GDF15 induction in muscle was CHOP dependent (Chung et al, 2017) which fits very
well with our data reported (Fig. 1C, N). In our study we thus focused on the metabolic effects
of GDF15. Indeed, we did not find diurnal differences in the expression of ISR genes (Fig. 6A)
or elF2 alpha phosphorylation (Fig. 6B + C) which is in line with the fact that UCPI
expression also did not show diurnal variations (data not shown in the revised manuscript).
Tissue specific circadian regulation is apparently not affected in Ucp/-TG mice as evident
from the maintained diurnal gene expression of the transcriptional repressor Rev-Erb alpha, an
important circadian regulator (Fig. 6D). Hence, there must be other factors driving the diurnal
variation in GDF15 mRNA levels, possibly by affecting RNA stability and translation which
need further exploration. This point has been added to the discussion (see lines 310 - 313).

6. Does the circadian rhythmicity of Gdfl5 expression alter as the animal ages? It would be
interesting to see if there is a difference in muscle expression, plasma levels, and in the delta
change between day/night, as the animal ages.

Response: This is indeed an interesting question. As shown in Fig 1L, GDF15 levels were not
further increased in old Ucpl-TG mice compared to young mice which, however, do not
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exclude a possible change in diurnal GDF15 expression in old mice. Unfortunately, we
currently have no Ucp-TG mice old enough to perform these analyses. We are breeding these
mice but it will take several more months until we will have old mice available for further
studies.

7. Does HFD feeding impact the circadian rhythmicity of Gdfl5 expression? Are there diurnal
variations in Gdf15 expression in other tissues?
Response: We appreciate the point. We have shown previously that muscle Gdfl5 gene
expression is similar in low and high fat fed Ucp/-Tg mice (Ost et al, 2016) and also see no
differences in plasma levels (Fig. 1L) suggesting that mitochondrial stress induced GDF15 is
not affected by HFD feeding. Nevertheless, it is an interesting question which could be
addressed in future studies. We checked for diurnal variations of Gdf15 expression in liver and
eWAT and found a tendency for a diurnal regulation in liver, both in WT and TG mice, but no
evidence of a diurnal regulation in eWAT which shows very low mRNA levels anyway (Fig
6E).

8. The Introduction and Discussion could be written more succinctly and clearly.
Response: We rewrote the introduction and discussion for more successiveness and clarity.

Minor points

> Line 34: "manifest at any age and organ ..."; meaning is unclear

> Line 39: "thereby described firstly ..."; awkward

> Line 50: "secreted molecules" vague, please use mitokine/cytokine/hormone

> Line 70: "activating adipose tissue" vague; what is meant by activating?

> Use of acronyms (especially the name of the mouse Ucp1-TG): once an acronym has been
introduced and the full written form has been indicated, the acronym only should be used for
all subsequent mentions (no need to repeatedly use the full form).

> The acronym mtISR is introduced at line 91 as a specific type of ISR, but later mentions of
ISR are not specified at mtISR (eg. line 136, 208). Why did the authors specify mtISR, and is it
necessary? The authors should decide how to reference either ISR or mtISR through the text
and evaluate the need for two acronyms.

> Line 204: Were the times for day and night correctly stated? As written in the manuscript,
the day phase and night phase overlap.

Response: Thank you for pointing these out, we have corrected the text accordingly.
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(2017) Growth differentiation factor 15 is a myomitokine governing systemic energy homeostasis. J
Cell Biol 216: 149-165

Emmerson PJ, Wang F, Du 'Y, Liu Q, Pickard RT, Gonciarz MD, Coskun T, Hamang MJ, Sindelar
DK, Ballman KK et al (2017) The metabolic effects of GDF15 are mediated by the orphan receptor
GFRAL. Nat Med 23: 1215-1219

Hsu JY, Crawley S, Chen M, Ayupova DA, Lindhout DA, Higbee J, Kutach A, Joo W, Gao Z, Fu D
et al (2017) Non-homeostatic body weight regulation through a brainstem-restricted receptor for
GDF15. Nature 550: 255-259

Jeukendrup AE, Wallis GA (2005) Measurement of substrate oxidation during exercise by means of
gas exchange measurements. Int J Sports Med 26 Suppl 1: S28-37

Klaus S, Rudolph B, Dohrmann C, Wehr R (2005) Expression of uncoupling protein 1 in skeletal
muscle decreases muscle energy efficiency and affects thermoregulation and substrate oxidation.
Physiol Genomics 21: 193-200
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McCarthy JJ, Srikuea R, Kirby TJ, Peterson CA, Esser KA (2012) Inducible Cre transgenic mouse
strain for skeletal muscle-specific gene targeting. Skelet Muscle 2: 8

Mullican SE, Lin-Schmidt X, Chin C-N, Chavez JA, Furman JL, Armstrong AA, Beck SC, South
V], Dinh TQ, Cash-Mason TD (2017) GFRAL is the receptor for GDF15 and the ligand promotes
weight loss in mice and nonhuman primates. Nature medicine 23: 1150

Ost M, Coleman V, Voigt A, van Schothorst EM, Keipert S, van der Stelt I, Ringel S, Graja A,
Ambrosi T, Kipp AP et al (2016) Muscle mitochondrial stress adaptation operates independently of
endogenous FGF21 action. Mol Metab 5: 79-90

Ost M, Keipert S, van Schothorst EM, Donner V, van der Stelt I, Kipp AP, Petzke KJ, Jove M,
Pamplona R, Portero-Otin M et al (2015) Muscle mitohormesis promotes cellular survival via
serine/glycine pathway flux. FASEB journal 29: 1314-1328

Patel S, Alvarez-Guaita A, Melvin A, Rimmington D, Dattilo A, Miedzybrodzka EL, Cimino I,
Maurin AC, Roberts GP, Meek CL et al (2019) GDF15 Provides an Endocrine Signal of Nutritional
Stress in Mice and Humans. Cell Metab 29: 707-718 €708

Tsai VW, Zhang HP, Manandhar R, Lee-Ng KKM, Lebhar H, Marquis CP, Husaini Y, Sainsbury A,
Brown DA, Breit SN (2018) Treatment with the TGF-b superfamily cytokine MIC-1/GDF15
reduces the adiposity and corrects the metabolic dysfunction of mice with diet-induced obesity. Int J
Obes (Lond) 42: 561-571

Yang L, Chang CC, Sun Z, Madsen D, Zhu H, Padkjaer SB, Wu X, Huang T, Hultman K, Paulsen
SJ et al (2017) GFRAL is the receptor for GDF15 and is required for the anti-obesity effects of the
ligand. Nat Med 23: 1158-1166

2nd Editorial Decision 9 December 2019

Thank you for submitting the revised version of your manuscript. It has now been seen by all of the
original referees.

As you can see, the referees find that the study is significantly improved during revision and
recommend publication here. Before I can accept the manuscript, I need you to address some minor
points below:

* Please address the remaining minor concerns of referee #3.

REFEREE REPORTS

Referee #1:

All my previous comments have been adequately answered and I think the manuscript has the
quality to be published in EMBO Rep.

Referee #2:

The authors have addressed the Reviewers' concerns. I am satisfied.
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Referee #3:

The authors have provided new data, explanations and rewrites that have improved the manuscript
considerably. Furthermore, we agree that some of our initial comments (e.g. effects of age, detailed
mechanisms of transcriptional regulation, etc.) could be considered beyond the scope of the current
study. That said, a few remaining points need to be addressed based on the authors responses and
new data provided.

» With regard to the authors response to our original point #2. First, while the authors have included
important new data showing that there is no GDF15 gene expression induced in the eWAT of TG
mice relative to WT, this does not address the possibility that increases in circulating GDF15 may
impact the sSWAT depot. It is important that the authors measured the GDF15 receptor GFRAL in
the eWAT and sWAT depots and did not detect expression in these depots but only in the brain.
These data should be included in manuscript with appropriate positive controls. Second, the authors
mention FGF21 as a possible critical mediator of the browning effects seen in the TG mice.
However, they also note that browning of the sSWAT is lost in the TG-UCP with GDF15 KO, but
FGF21 levels are unchanged. While the authors do discuss this further in the revised manuscript
(lines 277-295), their final conclusion (line 292-293) is that "GDF15 affects browning
independently of FGF21, possibly due to an indirect action fat mass expansion". What is meant by
"indirect action fat mass expansion"? The authors need to state exactly what they mean here and
provide a better interpretation of their GDF15 results with regard to browning vis-a-vis known
effects of FGF21.

» With regard to the authors response to our original point #3. The data in Figure 4G demonstrate
significant increases in circulating leptin in the TGxKO mice. How do the authors explain that there
is no significant impact on food intake, when both GDF15 and leptin have major effects on food
intake based on multiple reports in the literature? This needs to be discussed more directly in the
manuscript.

2nd Revision - authors' response 16 December 2019

REFEREE COMMENTS
Referee #1:

All my previous comments have been adequately answered and I think the manuscript has the
quality to be published in EMBO Rep. Response: Thanks for appreciating our work.

Referee #2:

The authors have addressed the Reviewers' concerns. I am satisfied. Response: Thanks for
appreciating our work.

Referee #3:

The authors have provided new data, explanations and rewrites that have improved the manuscript
considerably. Furthermore, we agree that some of our initial comments (e.g. effects of age, detailed
mechanisms of transcriptional regulation, etc.) could be considered beyond the scope of the current
study. That said, a few remaining points need to be addressed based on the authors responses and
new data provided.

1. With regard to the authors response to our original point #2. First, while the authors have
included important new data showing that there is no GDF15 gene expression induced in
the eWAT of TG mice relative to WT, this does not address the possibility that increases in
circulating GDF15 may impact the sWAT depot. It is important that the authors measured
the GDF15 receptor GFRAL in the eWAT and sWAT depots and did not detect expression

© European Molecular Biology Organization 11



EMBO reports - Peer Review Process File

in these depots but only in the brain. These data should be included in manuscript with
appropriate positive controls.

Response: Point well taken. In our study, we were not able to detect any Gfral mRNA
expression in SWAT or eWAT of WT, KO, TG or TGxKO mice (data not included in the
manuscript). We were using PCR primers designed by our group (Primer3 software) as
well as the same PCR primers used in the study of (Mullican et al., 2017). Importantly, an
adequate positive control would require a selective collection of hindbrain tissue samples,
in particular area postrema and nucleus tractus solitarius (NST). However, we only
collected brain tissue for histological analysis and tissue for RNA isolation would require
additional animals. Moreover, it has been demonstrated multiple times before, that GFRAL
is not expressed in WAT depots (Emmerson et al., 2017; Hsu et al., 2017; Li et al., 2005;
Luan et al., 2019; Mullican et al., 2017; Yang et al., 2017). Thus, we decided to address
this point in the discussion (see lines 275-278).

2. Second, the authors mention FGF21 as a possible critical mediator of the browning effects

seen in the TG mice. However, they also note that browning of the sWAT is lost in the TG-
UCP with GDF15 KO, but FGF21 levels are unchanged. While the authors do discuss this
further in the revised manuscript (lines 277-295), their final conclusion (line 292-293) is
that "GDF15 affects browning independently of FGF21, possibly due to an indirect action
fat mass expansion". What is meant by "indirect action fat mass expansion"? The authors
need to state exactly what they mean here and provide a better interpretation of their
GDF15 results with regard to browning vis-a-vis known effects of FGF21.
Response: We apologize if our wording was not clear apparently leading to a
misunderstanding. We noticed a semantic error: we meant that the lack of GDF15 affects
browning of SWAT possibly due to an indirect effect via fat mass expansion. Notably, it
has been described before, that adiposity in mice promotes a suppression of WAT
browning (Geurts et al., 2015) and coordinates a restructuring of metabolism that could
contribute to the whitening of adipose tissue (Cummins et al., 2014). Here, our data in Fig.
4A-D clearly show the loss of browning in SWAT upon ablation of GDF15 in TGxKO
mice together with an increased adiposity (Fig. 3 + 4). As mentioned before, the most
effective endogenous browning factor is FGF21, and we have shown previously that the
genetic loss of FGF21 completely inhibits browning of sWAT in Ucp-TG mice (Ost et al.,
2016). However, the increase in FGF21 observed in TG mice was not affected by loss of
GDF15 (Fig. 4F) but sWAT browning was still suppressed. This shows that high
circulating FGF21 alone is not sufficient to induce browning during muscle mitochondrial
dysfunction. Thus, we believe that the GDF15-dependent loss of sWAT browning could
possibly be an indirect action due to the progressive fat mass expansion of TGxKO mice.
This is now adapted in the revised manuscript (see lines 287 — 293).

3. With regard to the authors response to our original point #3. The data in Figure 4G

demonstrate significant increases in circulating leptin in the TGxKO mice. How do the
authors explain that there is no significant impact on food intake, when both GDF15 and
leptin have major effects on food intake based on multiple reports in the literature? This
needs to be discussed more directly in the manuscript.
Response: We highly appreciate this point. It is well-accepted that plasma levels of leptin
are reflected by the amount of fat mass, meaning they are increased in obesity (Blum et al.,
1997; Geurts et al., 2015; Ostlund et al., 1996) which is commonly interpreted as a leptin
resistance. In line with that, with the increased adiposity we here observed higher levels of
circulating leptin in TGxKO mice, suggesting no particular disturbance of the leptin axis in
the TG mouse model (see lines 293 — 295). It remains to be elucidated whether this already
reflects a leptin resistant state, but we believe that this is beyond the scope of our current
study.
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M.L., Birkett, M., Attanasio, A.M., et al. (1997). Plasma leptin levels in healthy children and
adolescents: dependence on body mass index, body fat mass, gender, pubertal stage, and
testosterone. J Clin Endocrinol Metab 82, 2904-2910.
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J., Rai, S.N., Spite, M., et al. (2014). Metabolic remodeling of white adipose tissue in obesity. Am J
Physiol Endocrinol Metab 307, E262-277.
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Thank you for submitting your revised manuscript. I have now looked at everything and all looks
fine. Therefore I am very pleased to accept your manuscript for publication in EMBO Reports.
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

2 the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

L2 2 2

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

2 aspecification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple X2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org
idel

Antibodypedia
1DegreeBio

http://www.equator-network.org/reporting proving-bi

http://grants.nih.gov/grants/olaw/olaw.htm

http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/L .htm

-research-repo ARRIVE

NIH Guidelines in animal use
MRC i on animal use

http://ClinicalTrials.gov
http://www.consort-statement.org
http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting porting-rec

http://datadryad.org
http://figshare.com
http://www.ncbi.nlm.nih.gov/gap
http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jji.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

Please fill out these boxes ¥

0 not worry if you cannot see all your text once you press return)

T.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Sample size was chosen to match the criteria in order to perform reliable statistical tests. Sample
sizes in all experiments presented in the manuscript were always higher than 5, with the exception
of Figure 1F and 1G, where sample number was 4-5 animals per group. For cell culture studies the
number of biological replicates were 3.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

All animal experiments were performed with a sample size equal or higher than 6 animals per
group.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

Exclusion of samples was based on the results of Grubbs' test, also called the ESD method
(extreme studentized deviate).

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

Experimental animals were given a randomized number. All animals were handled by standardized
housing procedures and kept in exactly the same environmental condicitons. Interventions were
performed in groups of animals all four i without previous
knowdlege of each animal's phenotyope before and during the intervention.

For animal studies, include a about evenifnor was used.

All animals taken into the study recieved a randomized number by which they were identified.
[Thereby, all genotypes where randomly mixed during in vivo metabolic profiling, NMR, 0GTT as
well as the final dissection and sample collection.

Clinical Trial registration
CONSORT Flow Diagram
CONSORT Check List

ions-for-tun REMARK Reporting Guidelines (marker prognostic studies)

Dryad

Figshare

dbGAP

EGA

Biomodels Database

MIRIAM Guidelines

JWS Online

Biosecurity Documents from NIH
List of Select Agents

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

n the process of our experiments, we involved 3 technial lab assists in the operation to prevent
experimental errors caused by subjective consciousness. In order to minimize subjective effects on
analyzing histologycal images pictures were numbered randomly and analyzed without previous
knowdlege of the phenotype.

4.b. For animal studies, include a statement about blinding even if no blinding was done

All animals taken into the study were genotyped at 4 weeks of age and recieved a randomized
number by which they were identified. No blinding was done, but all mice were randomly caged
and analyzed to avoid group or genotype-specific effects due to timing of experiments or handling
of animals.

5. For every figure, are statistical tests justified as appropriate?

Ves, every statistical analysis performed on the data is explained in the corresponding figure
legend.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Data were analyzed using GraphPad Prism 7 software, where assumptions of the tests were
for every kind of statistical analysis.

Is there an estimate of variation within each group of data?

Yes, each group of data is represented with their respective standard error of the mean.

Is the variance similar between the groups that are being statistically compared?

C- Reagents



D- Animal

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

phospho-AMPK (Thr172) (#2531, Cell Signaling Technology), total AMPK (#2603, Cell Signaling
Technology), phospho-elF2a (Ser51) (#3597, Cell Signaling Technology), elF2a antibodies (#3524,
Cell Signaling Technology), OXPHOS antibody (#ab110413, Abcam), slow myosin (#ab11083,
Abcam), UCP1 (#ab23841, Abcam) and a Tubulin (ATUB) (#T6074, SIGMAY). Horse-radish-
peroxidase conjugated secondary antibodies were used: anti-rabbit IgG (#7074, Cell Signaling
Technology) or anti-mouse IgG (#7076, Cell Signaling Technology)

7. Identify the source of cell ines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

in-house, cryopreserved immortalized mouse C2C12 myocytes are routinely tested for
mycoplasma contamination after thawing and re-culturing.

*for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

For the study Mus musculus C57/BI6) were used. The age of the animals ranged from 10 to 95
weeks of age. HSA-Ucp1-transgenic mice (TG) (Klaus et al. 2005) were crossed with whole body
Gdf15-knockout (KO) mice kindly provided by Dr. Se-Jin Lee (University of Connecticut School of
Medicine, Department of Genetics and Genome Sciences) to generate the four experimental
genotypes: wild-type (WT), Gdf15-KO (KO), TG and TGxGdf15-KO (TGXKO) mice. All animals were
group-housed and random-caged with ad libitum access to a standard chow-diet (Sniff, Soest,
Germany) and water at 23°C and a 12:12 h dark-light cycle and kept to different ages. LFD and HFD
used in the study are semisynthetic diets proposed by BIOCLAIMS and Mitofood consortia
(Hoevenaars et al. 2012). Both diets have the same components and are matched in protein
content and only differ in their carbohydrate/fat content with a fat content of 10 energy% for LFD
and 40 energy% for HFD. For the experiments female and male animals were used and sacrificed in
the end of the experiment after 3-hrs food withdrawal to collect plasma and tissue samples. For
day and night comparison animals were sacrificed 10-12am versus 10-12pm without food
withdrawal.

of with ethical and identify the

9. For experiments involving live vertebrates, include a
i approving the experiments.

[Animal experiments were approved by the ethics committee of the Ministry of Agriculture and
Environment (State Brandenburg, Germany, permission number GZ 2347-9-2016).

E- Human Subjects

F- Data Accessibility

G- Dual u;

right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

10. We re the ARRIVE (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure |Yes
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.
11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.
13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under
‘Reporting Guidelines’. Please confirm you have submitted this list.
17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA'
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.
18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.
Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences
b. Macromolecular structures
. Crystallographic data for small molecules
d. Functional genomics data
e. Proteomics and molecular interactions
19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the  [NA
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while NA
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a [NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be

in a public repository or included in y information.
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22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top  |NA




